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I  .1  abithact 

Vapors  collected  from  TNT,  RDX  and  composition  B  explosives  maintained  at 
25°C  and  70°C  were  analvzed  using  a  gas  chromatogranhic/mass  spectrometric 
technique  to  identify  the  most  prominent  vapor  components,  A  ^as 
chromatograph  equipped  with  electron  capture  and  flame  ionization  detectors 
also  was  used  to  screen  vapors  for  components  present  at  concentrations  be¬ 
low  the  sensitivity  of  the  CC/MS.  Cyclohexanone  which  could  have  significance 
in  development  of  an  explosive  or  mine  detector  was  identified  in  vapors  from 
RDX  and  composition  B.  Water  vapor,  carbon  dioxide,  orobablv  nitrous  oxide 
and  a  number  of  unidentified  compounds  were  evolved  from  all  samples.  Tt  mav 
he  possible  to  identify  these  unknown  compounds  present  at  trace  levels, 
but  extreme  analytical  care  and  precaution  to  avoid  contamination  would  be 
required.  In  this  regard,  differentiation  between  compounds  which  are 
incorporated  into  the  explosive  matrix  durinp  manufacturing  and  those  which 
are  adsorbed  from  air  bv  the  explosive  at  a  later  time  is  also  required. 
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EXPLORATORY  ANALYSIS  OF  VAPOR  IMPURITIES 
FROM  TNT,  ROX  AND  COMPOSITION  B 


-  I  - 


by 

IV.  F.  O'Reilly,  T.F.  Jenkins,  R.P.  Murrniann.  D.C.  Leggett  ami  R.  Barr  terra 


INTRODUCTION 

Locating  nnlitarv  explosives  and  mines  In'  sensing  vapors  emitted  into  the  atmosphere  is  an 
apiMoaeh  to  detection  that  is  currently  under  invest  mat  ton.1  4  “  *  l"  In  cotisidcrtifg  this  eoneept, 
it  is  envisioned  that  the  explosive  vapor  itself,  vapors  from  impurities  in  the  solid  explosive,  or 
volatile  decomposition  products  of  the  explosive  will  form  a  unique  chemical  signature.  However, 
very  little  is  actually  known  of  the  composition  of  vapors  from  military  explosives.  Even  values 
for  vapor  pressure  of  the  explosive  material  m  the  amhient  temperature  range'  ’  have  been  ext  rap* 
olated  from  data  obtained  at  elevated  temperature.4  This  general  absence  of  pertinent  informa¬ 
tion  relevant  to  the  development  of  trace  gas  detection  systems  is  in  no  way  due  to  a  lack  of 
interest  in  this  area,'  1  bill  rather  to  the  fact  that  until  recently  techniques  and  instrumentation 
have  not  been  available  with  sufficient  sensitivity  to  analyze  explosive  vapors  at  extremely  low 
concentrations.  Decomposition  products  such  as  nitrogen  dioxide,  nitrous  oxide,  carbon  dioxide 
and  various  ring-structured  byproducts  have  been  studied.'  *  as  have  explosive  components  in  the 
solid  phase.1  ■  The  identity  and  consequent  behavior  of  those  components  and  impurities  in  the 
vapor  phase  have,  however,  not  been  extensively  studied. 

This  investigation  was  undertaken  to  identify  the  components  in  the  vapor  from  military 
explosives.  TNT,  RDX  and  composition  II.  Initially,  attempts  at  positive  identification  were  made 
using  gas  chromatographic  'mass  speclromelric  methods.  Later  work  was  conducted  on  an  explor¬ 
atory  basis  using  only  gas  chromatographic  techniques  with  higher  sensitivity  in  order  to  provide 
a  basis  for  more  refined  studies  in  the  future. 


MATERIALS  AND  METHODS 

Description  of  samples 

Samples  of  TNT.  RDX  and  composition  B  <  I0‘"  TNT.  r>9"'  RDX  and  I  V.  wax)  were  provided  for 
this  studv  by  MLR  DC.*  The  characteristics  of  the  samples  are  summarized  in  Table  1.  Part  of 
the  RDX  sample,  originally  in  tin*  size  of  chips,  was  ground  so  that  analysis  was  conducted  on  two 
types  of  RDX.  The  selection  of  the  samples  was  based  on  a  previous  experiment  conducted  at 
MKRD(‘!  in  which  a  continuous  weight  loss  of  the  explosive  matehal  was  observed  at  room  lempera* 
’ure.  This  indicated  the  possibility  that  constituents  hi  the  vapor  emitted  by  the  samples  might 

•Charles  I.  Collins,  Mini-  Detect  urn  Division,  USA  MKKDC,  Ft.  Bclvoir,  Va. 
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Table  I.  Explosive  samples. 

('turl.-s  I.  Collins.  I'SA  MKRDC.  Ft.  tl.'lvoir,  Va. 
S. litre**  of  samples:  Picatiimy  Arsenal. 


Sample 

Lot  no. 

Description 

Kt)X 

HOI.-SR-4.46g4 

C« uirst*  form 

TNT 

B('-:t4?6 

CSra.Ic  1 

('iiii:|h»iIii>ii  B 

:lf.-4?  t 

(5r:iil<-  A 

indeed  be  detertable.  While  the  samples  won*  stored  m  closed  coni  a  mors,  no  unusual  provisions 
wer»‘  made  at  CRRKL  to  prevent  adsorption  of  contaminants  from  laboratory  air.  This  precaution 
»a>  thought  to  be  unnecessary  since  the  explosives  bad  apparently  received  no  special  handling 
since  manufacture. 

Collection  of  vapors 

One  gram  of  explosive  material  was  placed  into  tin*  center  of  a  12.6-tnm-OD  by  15.2-l-cm-long 
quart/  tube.  To  secure  the  sample,  the  open  ends  of  the  tube  were  plumed  with  silanized  glass 
wool.  The  tube  was  fitted  using  Teflon  ferrules  and  equipped  with  two  stainless  steel  Wliitev 
valves  to  provide  gas  How  control  (Fig.  1).  A  helium  source  was  connected  to  one  valve  while  the 
outlet  valve  was  connected  directly  to  the  inlet  of  a  gas  chromatograph.  A  tubular  heater  was  used 
around  the  quart/,  tulie  to  provide  temperature  control  during  experiments.  Before  the  sample  was 
placed  in  the  tube,  the  entire  assembly  was  baked  out  at  high  temperature  and  tested  at  70°C  using 
the  same  analytical  procedures  as  for  sample  analysis.  This  was  to  minimize  the  degree  of  back¬ 
ground  contamination.  After  a  sample  was  placed  in  a  tube,  the  tube  was  flushed  with  zero  helium 
for  several  minutes.  The  valves  were  then  closed  for  one  hour  to  allow  accumulation  of  vapors 
from  the  explosive,  after  which  the  vapors  were  transferred  by  helium  flow  directly  to  the  head  of  a 
chromatographic  column  maintained  at  -75  C.  Initially,  the  explosive  was  maintained  at  room 
temperature  (25°C).  The  entire  sequence  was  then  repeated  with  the  sample  at  70°C  in  order  to 
increase  vapor  concentration  for  detection  purposes.  This  temperature  is  below  the  melting  point 
oi  n  various  explosive's.  The  same  sample  was  used  and  the  sample  assembly  maintained  intact 
throurhoiit  tin*  analysis  sequence  to  provide  compatibility  of  results  and  avoid  contamination  by 
laboi.  >r  ii  afier  initiation  of  the  analysis  procedure. 


‘Ii- 


1**1  r  o  o»orjMHih  tv 
t'oi  u 
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Figure  /.  In  In  svslrni  for  transfer  of  exp/osive  vapors  to  gas 
oftromafogra/i/i. 


ANALYSIS  OF  VAPOR  IMPURITIES  FROM  TNT.  RDX  AND  COMPOSITION  H  3 


Figure  2.  Experimental  arrangement  tor  analysis  of  explosive  vapors: 
GC/MS  (top),  GC  (bottom). 


Analytical  procedure 

The  three  stainless  steel  chromatographic  columns  used  were: 

1.  0.61  m  •  0.318-cm-OD  tubing  filled  with  100-120  mesh  Porapak-Q* 

2.  2.71  m  .  0.31 8-c m-OD  tubing  filled  with  100-120  mesh  Durapak*  (Carbowax  400'Porasil  C) 

3.  0.91  m  •  0.318-cm-OD  tubing  filled  with  15  percent  DC-2001  on  100-120  mush  Anakrom  Abs. 

These  columns  were  selected  for  their  ability  to  separate  different  classes  of  compounds.  The 

Porapak-Q  column  will  separate  water  and  its  performance  is  not  degraded  by  water.  It  is  useful 
for  analysis  of  some  inorganic  gases  as  well  as  organic  compounds  in  the  C,-C,  molecular  weight 
range.  The  performance  of  the  Durapak  column  is  not  seriously  affected  by  water  hut  water  does 
not  elute  as  a  defined  peak:  however,  this  column  is  useful  for  analysis  of  compounds  in  the  C,-Ct0 
hydrocarbon  range  and  also  for  C,-C4  alkylated  aromatics.  Tire  DC-200  column  was  selected  for  its 
ability  to  separate  aldehydes,  ketones,  other  oxygenated  compounds,  and  higher  molecular  weight 
hydrocarbons.  The  Porapak-Q  column  was  programmed  to  increase  temperature  at  1  degrees  per 
minute  from  -75  C  to  170  C.  The  Durapak  and  DC-200  columns  were  programmed  at  the  same  rate 
from  -75  C  to  130 'C  and  170  C,  respectively.  Kaeh  column  was  heated  at  its  final  temperature  for 
at  least  one  hour  and  a  blank  run  conducted  before  another  explosive  sample  was  run. 

During  the  course  of  this  work,  two  different  instruments  were  used.  The  fust  was  a  Perkin- 
K  liner  270  gas  chromatograph ''mass  spectrometer  (GC'MS).  Tin*  GC  MS  is  equipped  lot  continuous 
scanning  of  the  GC  effluent  with  on-line  computer  processing  of  MS  data  tFig.  2).  The  advantage 
of  this  instrument  is  that  positive  identification  can  hr*  obtained  by  comparing  mass  spectra  ob¬ 
tained  for  components  eluted  from  the  gas  chromatograph  witli  literature  values.  The  sensitivity 
of  the  instrument,  however,  is  lower  than  that  of  some  other  types  of  gas  chromatographic  detectors. 
The  second  instrument  employed  to  obtain  higher  sensitivity  was  a  Perkin-Elmer  900  gas  chroma¬ 
tograph  with  both  a  flame  ionization  detector,  which  is  highly  sensitive  to  all  organic  compounds, 
and  an  electron  capture  detector  which  is  ultrasensitive  to  electrophilic  compounds  sucli  as  those 
containing  nitro  groups.  At  this  stage  of  the  study  no  attempt  was  made  to  identify  these  compounds. 
Rather,  the  intent  was  to  determine  whether  otlier  components  were  present  at  levels  lielow  the 
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detection  limit  of  tlu*  mass  spectrometer.  The  pas  chromatograph  was  configured  to  split  tin*  efflu- 
out  from  tin*  chromatographic  column  1:1  to  each  tvpo  of  detector.  Use  of  the  two  detectors  in 
parallel  is  an  advantage  in  that  relative  responses  give  additional  itifonnalion  about  unknown  imhii- 
pom*  nts. 

•j  f 

RESULTS  AND  DISCUSSION 

(las  chromatograms  typical  of  those  obtained  for  each  type  of  sample  and  analytical  procedure 
ate  shown  hi  Appendix  A  (Fig.  A1-A7).  The  chiomat obtains  obtained  at  :.’r>  (:  and  70  ('  for  each 
explosive  us  inn  a  given  analytical  coliimn  are  aliened  for  pur])oses  of  comparison  with  that  obtained 
at  70  C  for  a  blank  run  without  sample.  Peaks  believed  to  represent  compounds  originating  from  the 
explosives  are  shaded  to  distinguish  them  from  those  due  to  background  contamination  indicated  by 
the  70  ('  blank  run. 

The  cliromalograms  obtained  using  the  gas  chromatograph  mass  spectrometer  system  are  given 
Hi  Figure  Al.  Using  the  Porapak-Q  (PPO)  column,  carbon  dioxide  and  water  were  detected  in  ilie 
vapor  from  all  samples  in  amounts  in  excess  of  those  found  dm  lie-  blank  runs.  The  most  water  and 
carbon  dioxide  was  evolved  from  composition  B  and  the  least  from  RDX.  This  difference  may  only 
reflect  factors  such  as  sample  surface  area  or  porosity.  At  70  nitrons  oxide  (N..O),  presumably 
a  decomposition  product,  was  detected  from  RDX  and  composition  II  but  not  from  TNT.  While  no 
N\0  was  observed  at  C.  data  obtained  later  usini:  th**  blither  sensitivity  electron  capture  defector 
surest  that  N.O  is  evolved  at  room  temperature  even  Horn  TNT.  Us  in;:  the  Durapak  column,  no 
compounds  were  observed  except  for  one  unidentified  component  from  RDX  at  70  C  which  appeared 
from  the  mass  spectrum  to  be  an  alcohol.  Usini:  the  DC-^00  column,  cyclohexanone  was  positively 
identified  from  mass  spectra  of  vapors  evolved  from  composition  B  at  70  0  but  no  cyclohexanone 
could  be  detected  at  S  C.  More  cyclohexanone  was  evolved  from  the  chip  form  than  from  the  ground 
form  of  composition  B.  Since  tlie  chips  were  used  to  make  the  ground  form,  the  lower  concentration 
of  cyclohexanone  m  composition  B  (ground)  was  probably  due  to  more  volatilized  loss  during  storage 
because  of  the  higher  surface  area.  A  small  amount  of  cyeloliexanoiie  was  also  detected  from  the 
RDX  at  70  C.  The  occurrence  of  cyclohexanone  in  va|>or  from  composition  B  could  he  of  consider¬ 
able  significance  in  development  of  a  mine  detection  device.  Cyclohexanone  is  used  in  recrvsialli* 
AtMeit  and,  consequently,  it  is  a  common  impurity  of  RDX.’  While  ibis  ''nig”  is  present  in  solid 
composition  B,  it  would  be  difficult  to  design  a  high  sensitivity  detector  to  discriminate  cyclohex- 
anon  •  Horn  other  organic  compounds.  However,  cyclohexanone  is  unique  m  the  sense  that  it  is  not 
nut  lira  It*-  occurring  trace  gas  present  in  f  he  atmosphere.  To  furthei  evaluate  the  potential  of 
ovolnlio  -anon  •  as  a  "tag.''  the  amount  of  cyclohexanone  commonlv  evolved  from  composition  B  and 
compo-iiniii  l:  charged  mines  should  he  determined. 

The  .  suits  cl  the  C1C/MS  work  indicate  that  tin*  maior  vapor  constituents  evolved  from  TNT, 
RDX  and  compo- •in<n  B  were  carbon  dioxide,  water  vapot  and  nitrous  oxide.  Cyclohexanone  was 
also  omitted  hv  composition  B  and.  to  a  lesser  extent,  bv  RDX.  However,  it  is  not  known  whethei 
the  evolution  of  these  components  could  account  for  the  continuous  loss  of  weight  observed  for  the 
samples/  The  absence  of  more  peaks  m  the  various  chromatograms  does  not  mean  that  other 
impiirilv  compounds  were  not  present  in  the  vapor.  Rather,  it  more  likely  means  that  additional 
compounds  were  present  at  concentration  levels  below  the  detection  limit  of  the  mass  speetrometei 
total  ion  monitor,  about  10*'  grams.  The  retention  characteristics  of  the  analytical  columns  used 
in  this  study  are  given  in  Appendix  B.  These  compounds  were  used  for  column  calibration  and 
represent  many  of  the  types  of  chemicals  which  would  have  been  detected  if  present  at  sufficient 
concentration. 

•Personal  coirifmiliic.inon,  Charles  I.  Collins. 
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Althoimh  vapor  tioni  tlx*  explosives  was  analyzed  simultaneously  iisini:  both  Mann*  loui/.il mu 
ant!  election  captutt*  <l« *t •  *»  lots.  it  was  nor  |xartieal.  Ix*eanse  of  tin*  complcxit v  o|  tin*  clirotnaiimr.iiiis. 
to  display  the  response  of  tin-  two  delectin'.  to^etliei  m  tin*  same  illnstiation.  Accord  nmiv.  chiom.t- 
toui.mis  obtained  us  tut:  Mm*  flame  ionization  detector  arc  isonped  in  Khmiicn  A.-AI  while  those  Horn 
tin*  electron  capture  detector  an*  represented  hv  K  mures  A-VA7.  With  tin*  I'I’lf  roliunn  (Km.  Ait 
no  |N*aks  won*  ohsoivod  that  oould  not  lx*  accounted  Itx  hv  haokuiotiiid  i-ont animation  indicated  hv 
tin*  blank  i  hroinatomani.  Dsiim  fin*  Duiapak  column.  no  ooniponnds  won*  ohsoivod  winch  could  lx* 
attributed  to  tin*  samplo  o|  TNT  (Km.  Adah  Kor  tin*  RDX  and  composition  H  samples  (Km.  Adh-di. 
howovor.  two  peaks  at  lotmei  retention  times  won*  found  at  70  ('  which  ohviouslv  orminatod  Innii 
tin*  samples.  Judintm  from  tin*  peak  area,  the  amount  of  these  two  compounds  m  tin*  mound 
t  (imposition  B  was  about  a  tactoi  of  dtl  hisihoi  Ilian  in  tin*  vapor  from  RDX.  The  concenliation  in 
the  vapor  from  tlu*  composition  B  chips  was  a  factor  of  10  creator  than  observed  loi  the  u round 
composition  B.  In  the  sample  ot  chips,  one  compound  was  elearlv  evident  even  at  (\  When  the 
DC- .00  column  was  used,  a  substantial  iiiimhet  of  p**aks  were  jiresenl  fot  all  samples,  both  at  '!•>  C 
and  70  C  (Km.  All.  While  the  effort  required  to  identify  these  peaks  was  beyond  tin*  scope  and 
lesouicos  available  tor  tins  protect,  it  is  behoved  that  cyclohexanone  is  leptesented  bv  the  hup* 
tailiim  |x*ak  in  the  center  of  the  chromafomams  for  KDX  aixl  composition  B.  This  peak  is  present 
at  i'>  ('  for  both  KDX  and  composition  B  chips  uidicat  nm  (hat  cyclohexaniHie  can  be  delected  at 
ambient  temperature.  In  addition.  si»veral  olliei  oruaine  compounds  have  been  debu  ted  m  Ihe  vapot 
from  the  explosives  and  are  detectable  at  the  sensitivity  of  a  flame  loui/atiou  detector.  Thus,  with 
the  flame  detector,  it  is  feasible  to  detect  these  compounds,  although  a  mote  detailed  study  is  re¬ 
quited  for  identification. 

In  us  mi:  the  electron  capture  detector,  flic  complexity  of  the  cliromatomams  increased  consider¬ 
ably  in  coiipuictioii  with  timber  detector  sensitivity.  A  casual  glance  at  the  chroiiiatopams  obtauu*d 
for  blank  runs  shows  that  contamination  was  a  ptoblem.  1’he  j:  aks  are  probably  dm*  to  freons  ;uul 
othet  electrophilic  compounds  present  m  trace  amounts  in  tlx*  purp*  pis  used  to  transfer  vapot  to 
the  chromatograph  inlet.  Ilsum  t Ik*  I’KfJ  column  (Km.  A"*l.  most  peaks  can  lx*  accounted  for  bv 
contamination.  Tin*  exceptions  are  the  first  peak  at  short  retention  time  for  both  eompositton  B 
samples  (Km.  A  or.  ill  and  the  last  peak  at  the  longest  retention  time  tor  all  tvpes  of  samples.  The 
initial  peak  observed  for  vapor  from  cimiposition  B  is  thoimht  to  represent  nitrous  oxide  observed 
earlier  ustim  tin*  mass  spot  trometer  detector  With  the  Durapak  column  there  was  little  evidence 
for  the  presence  of  impurities  in  vapors  fiom  the  explosives  except  for  tlx*  case  ot  the  composition 
B  samples  (Km.  AGc.  d>  where  limber  moleeiilat  wemhl  compounds  are  indicated  at  longer  retention 
t  inx*s.  A  numtx*r  of  (x*aks  were  observed  fix  vapor  from  all  samples  when  tin*  IK’-iiOU  column  was 
used.  The  first  peak  ui  each  cliroiiiatcmrain  is  probablv  dm*  to  nitrous  oxide.  Peaks  af  lontier  le- 
teiition  tunes  are  iinideutitted.  Based  on  retention  turn*  criteria,  some  ot  these  peaks  wen*  initially 
thoimht  to  be  due  to  DNT  and  TNT  tsonxus  detectable  in  TNT  vapor*"  but  their  appearance  in  vapor 
from  tlx*  KDX  sample  dismisses  this  possibility.  The  close  similarity  in  appearance  of  the  chro- 
mabmrams  of  all  of  the  samples  seems  to  illustrate  another  type  of  contamination  problem.  Al- 
thoimli  some  of  the  jxntks  undoubtedlv  re|xcsenl  vapors  unique  to  a  invert  explosive,  many  other 
compounds  are  probablv  due  to  adsorption  of  vapors  by  the  explosives  alter  iiiauufaclnritm  Thus, 
care  must  tie  used  to  differentiate  between  compounds  that  are  an  internal  part  of  the  solid  explosive 
matrix  and  those  that  result  from  exposure  of  the  explosive  following  manufacture.  Nevertheless, 
these  results  illustrate  the  presence  of  trace  impurities  in  explosive  vapors  and  show  that  analysis 
ot  explosive  va|«xs  usiim  electron  capture  and  flame  ionization  detectors  is  possible,  provided  that 
extreme  rare  is  used  in  development  and  application  of  proper  analytical  ptocedures.  and  that  tlx* 
importance  of  sample  history  is  appreciated. 


ANALYSIS  OF  VAPOR  IMPURITIES  FROM  TNT.  RDX  AND  COMPOSITION  B 


LITERATURE  CITED 

Anderson,  D.M.,  F.B.  Ktslner  and  M.J.  Schwartz  (1969)  The  mass  spectra  of  volatile 
constituents  in  military  explosives.  l).S,  Army  Cold  Regions  Research  and 
Engineering  Laboratory  (L’SA  CKREL)  Special  Report  105.  All  69931*5. 

Chang.  Teh-1. lain!  <  1971)  Identification  of  impurities  ill  crude  TNT  tty  tandem  OC-MS 
technique.  Anal.  Chim.  Acta.  vol.  53,  p.  44ft. 

Coates,  Arthur  D.,  Eli  Freedman  ami  Lester  P.  Kuhn  I  1970)  Characteristics  of  certain 
military  explosives.  Ballistic  Research  Laluxatories,  Aberdeen  Proving 
Grounds,  Maryland. 

Kdwards,  G.  (1950)  The  vapor  pressure  of  if :4 : 6  —  trinitrotoluene.  Trans.  Faraday  Soc., 
vol,  48,  p.  4SM27, 

Engineering  Design  Handbook:  Explosive  series,  properties  o(  explosives  of  military 
interest  (1967)  L'.S.  Army  Materiel  Command. 

McKee,  Herbert  C.  and  II. P.  Burchfield  <196t>  Task  re|mrt  on  clathrate  sniffer  evaluation. 
C.S.  Army  Etyfincer  Research  and  Devehipment  Laboratory,  Fort  Beivoir,  Va. 

Menzies.  A.tV.C.  ( 191*0)  A  method  of  uieastrtng  low  vajatr  pressures,  with  its  application 
to  the  case  of  tnnitro-toluene.  J.  Am.  Chem.  Soc. ,  vol.  4'.‘,  p.  — —  lR-lflfll  1. 

Murrmaun.  R.P.,  U.C.  Leggett  and  T.F.  Jenkins  (1970)  Feasibility  of  luiinel  detection 
by  trace  gas  analysis.  t!SA  CRRE1.  Spicul  Report  148.  AD  708861. 

MurriiLinii.  K.P.,  Y.  Nakano,  T.J.  Simpson,  D.C.  Leggett  and  D.M.  Amlerson  <  1971) 

I  ill  I  tie  nee  of  soil  on  detection  of  bur  nil  explosives  and  tunnels  by  trace  gas 
analysis.  USA  CKREL  Research  Report  -88.  AD  7-7667. 

Miirriuuun.  R.P.,  T.F.  Jenkins  and  D.C.  Leggett  1 1971)  Composition  and  mass  spectra 
of  impurities  hi  military  grade  TNT  vapi*.  I  SA  CKREL  Special  Rejsiri  158. 

AD  615999. 

Nicholson,  li.J.  ami  T.S.  Shiltiday  (1971)  Brief  review  on  vapors  from  explosives  and 
their  deter l ton.  RACIC,  Batlelle  Memorial  Institute,  Columbus.  Ohio. 

Kotiertson,  A.J.U.  (1948)  The  decomjMis ition,  boiling  and  explosion  of  trinitrotoluene  at 
high  temperatures.  Trans.  Faraday  Soc.,  vol.  41,  p.  997. 


APPENDIX  A 


S  look  70*0 


DC -200 


Cydohenonon* 


;>5*C 


Blank  70C 


DC-200 


Blank  70  *C 


Durapok  II 


Blank  70 'C 


Durapok  II 


9'Onk  70 *C 


Blank  70*C 


a.  TNT. 


Cyciohe«ononf 


b.  RDX. 


Cyclohe«anone 


Blonk  70*C 


_ 


— -  r 


Blank  7Q*C  ^  ^ 

PPQ 

d.  Composition  B  (chips). 


c.  Composition  B  (ground).  d.  Composition  B  (chips). 

Figure  Al,  Gas  chromatograms  obtained  for  vapors  from  various  explosives  using  mass  spec¬ 
trometer  total  ion  current  monitor , 
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c.  Composition  B  (ground,.  d.  Composition  Bi  chips  K 

Figure  A4.  Cas  chromatograms  obtained  (or  vapors  from  various  explosives  using  DC-200  column  and  (lame  ionization  detecta, 
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APPENDIX  B.  RETENTION  CHARACTERISTICS  OF  CHROMATOGRAPHIC  l? 
COLUMNS  FOR  ANALYSIS  OF  ORGANIC  COMPOUNDS 


Table  BI.  Retention  characteristics  of  Porapak  Q  chromatOKraphic  column. 

Flow  rate  20  imlliliters/min,  temperance  -75  C  to  .  1T0  C,  proKiam  rate  to  C/niin. 
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Table  BII.  Retention  character Lstics  of  DC-200  chromatopaphic 
column  for  analysis  of  organic  compounds. 

Flow  rat«>  L’O  milhliti’tx  mm.  t.iliio'  77»  <’  to  •  170 
jo 04:1  .i in  i.) »«•  10  ('  mm. 
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Table  Bill.  Retention  characteristics  of  Dnrapak  II  chromatographic  column. 

Mow  rate  VO  milliliters/mln,  to mpor.it ure  -7f*"C  to  .  HUi'C,  inigraiii  rate  Ilf  C/niin. 
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